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Abstract 
The methane dissociation phenomena from hydrate-bearing sediment with different hydrate saturations by 
depressurization are experimental investigated in the cubic hydrate simulator (CHS). The experiments have been 
carried out over the hydrate saturation range of 16.0%-40.7%. The hydrate dissociation process consists of two 
periods: depressurizing and the steady pressure. In different experiment, the cumulative gas productions are similar in 
the depressurizing period and increase with the hydrate saturation in the steady pressure period. The average gas 
production rate increases with the increase of the hydrate saturation while decreases at the hydrate saturation of 
40.7% in the steady pressure period. The temperature in different regions in the reactor changes by similar degrees in 
the depressurizing period and has the similar lowest values for different experiments. 
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1. Introduction 
Gas hydrate is vastly distributed throughout both marine and permafrost areas, and represents a 
potential huge resource1. Several methods have been proposed to produce gas hydrate, including 
depressurization, thermal simulation, inhibition injection, and CO2 swapping. The depressurization 
technique is one of the earliest methods to be proposed and considered as a promising technique of 
producing gas hydrate2 because of its simplicity, technical, continuous production and economic 
feasibility. However, depressurization also demonstrates a low production rate and a low productivity. 
Thus, it is still essential to investigate the hydrate dissociation mechanism by depressurization further for 
safely, efficiently and commercially viable producing natural gas. Recently, a variety of investigations 
into the hydrate dissociation behaviors by depressurization have been undertaken.3-5
One of the aspects that was rarely examined in previous laboratory studies is the impact of the hydrate 
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saturation on the hydrate dissociation behaviors in sediments by depressurization. The main objective of 
this study is to investigate the effect of the hydrate saturation on the characteristics and productivity of the 
hydrate dissociation by depressurization process. 
2. Experimental Apparatus and Procedure 
The experimental apparatus is described in detail by Li et al.6 The hydrate was firstly synthesized 
using the method given by Li et al6. After the completion of the hydrate formation, the hydrate 
dissociation by depressurization is carried out in the following procedures. Firstly, the backpressure 
regulator is set to 5.0 MPa. The outlet valve is then opened and the pressure decreases gradually to the set 
pressure value. The gas and water are observed to be produced from the reactor through the outlet of the 
production well. The experiment is stopped when there is no further release of methane gas.  
3. Results and discussion 
In this work, a total of 4 experimental runs were carried out to investigate into the dissociation 
behaviors of methane hydrate in sediments with different hydrate saturations by depressurization. The 
initial hydrate saturations are 40.7%, 29.7%, 25.1%, and 16.0% for experimental runs 1, 2, 3 and 4, 
respectively.
3.1.  Dissociation process  
Fig. 1 shows the pressure and temperature results of the experimental run 3. As shown in Fig. 1, the 
pressure in the CHS is gradually reduced during the depressurization process. From point A, the system 
pressure continuously decreases and the temperature at different places and the average temperature in the 
reactor decrease remarkably. The changes of the equilibrium hydrate dissociation temperature 
corresponding to the pressure in the reactor were calculated using the fugacity equation given by Li et al.7
and given in Fig. 1. From point A, the temperatures in the system become to be higher than the 
equilibrium hydrate dissociation temperature corresponding to the system pressure and the hydrate begins 
to dissociate. As shown in Fig. 1, the hydrate dissociation process can be divided into two periods: the 
depressurizing period and the steady pressure period.  
From point A, due to the pressure in the reactor is lower than the equilibrium hydrate dissociation 
pressure, the hydrate begins to dissociate rapidly. The temperatures in the system decline rapidly due to 
the hydrate dissociation. The equilibrium hydrate dissociation temperature corresponding to the pressure 
in the reactor also decreases and is almost equal to average system temperature. In the steady pressure 
period (from Point B), the pressure in the system remains constant and is the same as the set dissociation 
pressure. The temperature at 13B basically keeps around this steady lowest value. When the hydrate 
dissociation at 13B becomes slow and trends to end, the temperature gradually rises from the lowest 
temperature point to the environmental temperature due to the heat transfer. The temperature at point 1B 
increases immediately after dropping to the lowest point because point 1B is the nearest to the inner wall 
of the reactor, the effect of the heat transferred from the ambient is the largest.  
3.2. Gas Production  
Fig. 2 shows the cumulative gas production and the average gas production rates in the two periods in 
the experiments. It can be seen from Fig. 2 that the cumulative gas production in the depressurizing 
period for different experiments is similar. The pressure at the beginning of the depressurizing period is 
same as the equilibrium dissociation pressure corresponding to temperature in the system7, which is 
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similar for the different experiments. Therefore, the pressure drop in the depressurizing period is similar 
for the different experiments in this work, resulting in the similar cumulative gas production in the 
depressurizing period. In the steady-pressure period, the gas is mainly produced from the hydrate 
dissociation. Thus, the cumulative gas production increases with the increase of the hydrate saturation. 
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Fig. 1. Example of the depressurization process               Fig. 2. Cumulative gas production and average gas production rates 
In the depressurizing period, the average gas production rate is mainly controlled by the pressure 
reduction rate, as analyzed by Li et al.6 Therefore, it has no obvious relationship to the hydrate saturation, 
as shown in Fig. 2. In the steady pressure period, the average gas production is mainly from the hydrate 
dissociation. Therefore, the gas production rate presents the hydrate dissociation rate. It can be noted that 
the average gas production rate increases with the increase of the hydrate saturation but decreases again 
for the hydrate saturation of 40.7%. It may be due to the fact that the hydrate dissociation duration is 
much longer for the hydrate saturation of 40.7%, demonstrating that even for the higher hydrate saturation, 
the completely gas production from the hydrate may be not economical.  
3.3. Water Production 
Fig. 3 gives the cumulative water production vs. time for different experiments. In the depressurizing 
period, for runs 1, 2, 3, and 4, the total amount of the water production is 116.9g, 95.3g, 18.4g and 84.7g, 
respectively. The water production rate has slightly relationship to the hydrate saturation. It is mainly 
controlled by the gas release and depressurization rate6. In the steady pressure period, there is little water 
production for runs 3 and 4. In this period, the amount of water in the reactor is limited and the force 
driving for the water production (the difference between the pressure in the reactor and the outlet) 
becomes small. Therefore, the dissociated water remains in the pore spaces because the gas flows more 
easily from it. For the experimental runs 1 and 2, which have the higher hydrate saturations, the hydrate 
dissociation generates enough water. Therefore, there is some water production during the dissociated gas 
production period for runs 1 and 2. The water production in this period for runs 1 and 2 are 141.89g and 
39.4g, respectively, which increases as the hydrate saturation increases.  
3.4. Temperature Profiles  
Fig. 4 shows the temperature changes of point 13B vs. time for different experiments. It can be seen 
from Fig. 4 that the temperature of point 13B for different experiments has a similar change. In the steady 
pressure period, the lowest temperature of point 13B is similar for different experiments. It is because the 
lowest temperature is same to the equilibrium temperature corresponding to the production pressure. The 
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temperature of point 13B increases earlier from the lowest point for the experiment with the lower 
hydrate saturation due to that the dissociation process ends earlier for the lower hydrate saturation. 
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Fig. 3. Cumulative water production in                                                      Fig. 4. Temperature changes of point 
the hydrate dissociation process vs. time                                                   13B vs. time for different experiments 
4. Conclusions 
The following conclusions are made from the experimental results: 
(1) In the depressurizing period, the average gas production rate has slightly relationship to the hydrate 
saturation. In the steady pressure period, the average gas production rate increases with the increase of the 
hydrate saturation and decreases again at the hydrate saturation of 40.7%.  
(2) The temperatures in the reactor decrease with similar degrees in the depressurizing period and have 
the similar lowest values for different experiments.  
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